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Abstract 
Combining testing data, analyses some main problems existed in the application of ground-source heat pump (GSHP) 
technique through testing and assessing on thermal performance of typical GSHP system in winter conditions. 
Presents some corresponding measures, provides basic conditions for the future promotion of GSHP technology. 
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1. Introduction 
With the implementation of the global energy sustainable development strategy, people pay more 
attention to the use of low-grade energy. Energy contained in the soil as a low-grade heat energy can be 
achieved the transfer in the winter and summer by heat pump technology, which reduces the buildings 
energy consumption. Because of a certain depth underground soil temperature is relatively stable, and the 
ground-source heat pump (GSHP) can obtain higher cycle performance compared to air source heat pump. 
So the ground source heat pump system has developed rapidly in recent years, it is known as the most 
promising heating and air conditioning system in the 21st century [1].  
In recent years, investigations have been conducted by researchers on design, modeling and 
experimental performance evaluation of GSHP systems. Ma Hong-quan, Long Wei-ding and Zhu 
Dong-ling [2] analyzed the main factors affecting the implementation of GSHP and summarized several key 
problems which should be considered before installing GSHP units. Other scholars studied the 
underground heat transfer mechanism by establishing mathematical model and experimental simulating. 
Such as Yan Liang, Yu Bing [3], they researched GSHP summer working performance and concluded that 
reasonable run-stop ratio can improve the system’s transfer efficiency. In the GSHP suitability and 
feasibility analysis, Zhang Ze-hai [4] provided fuzzy evaluation theory to compare the GSHP air 
conditioning system with the conventional air conditioning system. 
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This article focuses on the practices, testing and assessing on thermal performance of typical GSHP 
system conditions combining the test data. This essay also analyses some main problems existed in the 
application of GSHP technique, the potential for improvement is given and discussed. 
2. Three assessment indexes of GSHP system 
Three assessment indexes, namely suitability and feasibility, economic and efficiency indicators are 
applied to evaluate heat pump system. In this thermal performance test, we only concerned the energy 
efficiency indicators and ignored the economic indicators. The specific indicators were the guaranteed rate 
of indoor heating temperature, the energy efficiency ratio of the GSHP unit itself and the GSHP system, 
and the rate of heat imbalance.  
Energy efficiency is a simply ratio of useful output energy to input energy and is referred to as a 
coefficient of performance (COP) for refrigeration systems or an energy efficiency ratio (EER) for heating 
systems. In this context, the energy efficiency of the GSHP unit itself (EERHP) and the whole GSHP 
system (EER system) can be expressed as follows, respectively: 
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where, capQ is heating production by heat pump, shQ is the space actual heating load, compW is the 
power input to the compressor and inputW  is the total power input to the system.  
The rate of heat imbalance is used to describe the degree of balance between the system heat input and 
actual heat load. It is referred to as x , can be defined as follows:  
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Where, soiQ is the heat of soil source side. 
When x is a plus, it means the heat input is more than necessary inputs and the minus means the 
opposite. Both conditions can cause the change of heating temperature. Generally speaking, x  within 
±5％ shows system has better heat balance. 
Above the three equations, the heating production by heat pump ( capQ ), the space actual heat load 
( shQ ) and the heat taken from soil source side ( soiQ ) can be calculated from the following equation:  
Q = cm tΔ                                                                   (4) 
Where, c  is the specific heat of water, which equals 4.187kJ/(kg·℃). m  is mass flow rate. The 
temperature drop tΔ  represents the differential temperature of the supply and return water in the relevant 
pipes.  
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3. Testing background 
3.1Testing contents 
Test contents include indoor and outdoor environment test, GSHP unit test and the whole system test. 
Specific needs of the data collected are as follows: outdoor temperature, indoor temperature, inlet and 
outlet temperature and flow of the heat pump, soil source side’s supply and return water temperature and 
flow, user side of the supply and return water temperature and flow. 
3.2Measuring point 
The measurement points were set up at the following locations such as the inlet and outlet of the heat 
pump, the supply and return water pipelines. The flow monitor points were set up on the export straight 
pipe of the heat pump unit and system. According to the actual circumstance, temperature monitoring 
points were installed in the GSHP unit’s inlet and outlet pipe wall and heating system’s water supply and 
return water pipe wall.[5][6] 
3.3Project description and test conditions 
Taken a horticultural greenhouse with GSHP air conditioning project in Shenyang as example, this 
project construction area is 7531 square meters. Buildings need to maintain 15℃-25  year℃ -round. 2 sets 
of CIAT water source heat pump units were used for heating and cooling.  
According to the units operating condition of winter (this system stop running during the day, running 
at 21PM to 6AM), A cycle operating condition time from 21:00 PM to 6:00 AM was selected.  
4. Data analysis 
4.1Effect of typical indoor air temperature 
According to the building structure characteristics, watched the temperature of  the typical room, the 
monitoring results were displayed in Figure 1. Through analysis, we can draw the conclusion that the 
gardening heating effect in the test cycle is well and the average temperature is 16.81℃, guarantee rate of 
heating equals 100％, meets the requirements. 
4.2Heat pump unit and the system performance analysis 
Through the heat pump unit and heating system testing, a number of conclusions and a series of charts 
are drawn from the research, the detailed analysis are as follows: 
Comparing Figure 2 and Figure 3, we can see that the changes of the circulating water temperature of 
inlet and outlet of GSHP unit is consistent with the temperature change in the supply and return water in 
the pipe of the heating using side. The average temperature drops of the two pipes are 3.76  and 3.73℃ ℃, 
respectively. That means the equipment operation is stability and the additional thermal energy loss 
through the devices such as pump, pipes and energy storage equipment itself is small. 
From the monitoring data in figure 4, we can see: In the soil source side, the supply water temperature 
changes have a gentle curve, this means the temperature of the water supply from soil source side is 
stability, the average is 8.29 . Because of the large circulation flow, the return water temperature ℃
variation from ground source side is also small, even the load may be larger at a certain moment. The 
return water temperature is 6.03  on average.℃  
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As it is shown in figure 5, the actual heating production by heat pump unit is less than the rated (1106 
KW) at every moment in the test, it is calculated that the maximum production accounted for only 67％ of 
the rated, the minimum production is 64％, and average value is 65％. Therefore, the heat pump unit has 
been in low efficiency of the operation conditions. 
 
Figure 1 Air temperature of Indoor and Outdoor 
 
Figure 2 Circulating water temperature curve of the inlet and outlet of the heat pump unit 
 
Figure 3 the supply and return water temperature curve of the heating system 
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Figure 4 The supply and return water temperature curve of the ground source side 
 
Figure 5 Part-load conditions curve of the unit operation 
According to the unit nameplate parameters, the EERHP is 4.4 on the rated condition, however in the 
test, the range of EER is from 5.27 to 3.08 and the average EERHP is 3.45. The range of the actual EER 
system is from 3.57 to 2.16 and the average is 2.18. Figure 6 shows the details. 
According to figure 7, the average of heating imbalance rate is 2.6％, which is in the normal range. The 
main reason for this situation is the heating loss on heat transfer and exchange. 
 
Figure 6 EER of the heat pump unit and EER of the heating system 
571Qu Shilin et al. / Procedia Environmental Sciences 11 (2011) 566 – 572Author name / Procedia Environmental Sciences 00 (2011) 000–000 
 
 
Figure 7 the heating imbalance rate of the heating system 
According to the test, the actual average circulating water flow of the unit which namely the flow of the 
terminal water pump is 162 m3/h, this is increased 17％ than the rated flow (138 m3/h), calculated from 
theory, the practical power consumption will increase approximately 60％. Similarly, the actual average 
circulating water flow of the ground source side is 215 m3/h, this is increased 7％ than the rated flow (200 
m3/h), and the practical power consumption will increase about 23％. 
5. Results analysis 
Through the analysis of testing, we can find the GSHP system mainly exist two questions as the 
following: 
5.1Pump working point to the right-of-centre 
In test process, compared with the normal working curve, the pump working station is to the right. It 
means that high lift pump operating in the low resistance conditions of the system; the excess energy is 
consumed in valves and other local resistances, which reducing efficiency and increasing power 
consumption. Thereby, how to overcome this weakness should be the primary project for the administrator. 
5.2High EER of heat pump unit and low EER of system 
In the test, the unit has high efficiency which is determined by the heat pump principle. But the actual 
heating production of the unit is less than the rated value, the maximum production accounted for only 
67％ of the rated. Therefore, the heat pump unit has been in low efficiency of the operation conditions. 
The main reason is the circulating pump of the terminal and ground source side consumed too much energy, 
which directly causes high power consumption of the whole system. Therefore, we should optimize the 
heating system and especially improve the comprehensive performance of pump from design and 
operation. 
6. Optimization and solutions 
Through the research and testing of ground-coupled heat pump system, we can find that the integral 
effect of GSHP system is acceptable, but the system also exist some problems. Therefore, several 
optimization strategies are given as follows: 
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6.1Optimal operation strategy 
In order to determine the ground source heat pump’s operation strategy, we could base on historical 
records of heat pump operation and analyze buildings air conditioning load in different seasons. Operation 
strategy should be reflected in the number of heat pump units operating change with building load changes, 
while also ensuring heat pump units worked in high efficiency operation.  
6.2Adjust the set temperature  
In the design of air conditioning system, the selection of units is based on the design maximum load, 
but the unit is usually operated on partial load in practice, which causes the low efficiency. So we suggest 
to adjusting the temperature in stages based on of the meteorological data of various provinces in recent 
years.  
6.3Circulating water pump with frequency conversion system 
The water pump is decided by the design flow rate, so in the actual operation process, the pump is 
operated in big flow and small temperature difference condition, thus will lead directly to the system 
efficiency be low, great losses of the pump power and conveying consumption. In order to reduce energy 
consumption, match operation with the actual unit load, while the pump running in the best performance 
curve is always within the scope of circulating pumps. So we suggest to considering the frequency 
conversion control, setting pressure sensor in the terminal of the most unfavorable loop to control the pump 
by change flow. This can reduce water transport consumption and improve the coefficient of performance 
of heat pump units and the energy efficiency ratio of heat system. 
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